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(57) Abstract 

Method of and apparatus for reducing the vibration (e.g. noise) transmitted into the environment of a fluid-containing 
vessel by a vibration source within the vessel. The invention relies on an "active" attenuation method in which a specially tailo- 
red cancelling vibration is applied to the fluid in the vessel, whereby at least partial cancellation of the vibration from the source 
occurs within the fluid. The invention has particular application to reducing the environmental noise nuisance caused by the co- 
re (2) in an oil-Filled transformer tank ( 1 ), a vibrator (7) being energised by a waveform generator (8) and injecting the cancelling 
vibration into the oil (3) via a diaphragm (5). The output from vibration sensors f Mi....M n ) can be used to control the generator 
(8). The invention can also be applied to pumps and fluid tilled pipes. 
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The cancelling of vibrations transmitted through a fluid in 
a cont a ining ves s e 1 



Techni cal Field 

This invention relates to a method of, and apparatus for 
reducing the vibration (e.g. noise) transmitted inuo the 
environment of a fluid-containing vessel by a vibration 
5 source within the vessel. The invention has particular appli- 
cation to reducing the environmental noise nuisance caused, 
for example, by an oil-filled transformer tank, a fluid com- 
pressor or pump , a pipeline conveying a flowing fluid or the 
cylinder block of an engine. 

10 Background Art 

It is well known that vibrations induced by the cere of 
a transformer are transmitted through the oil surrounding -he 
core to the walls of the oil-containing tank and thence to 
the atmosphere. It is frequently economically necessary to 
15 site a transformer close ~o private dwellings and ~'ne a constant 
hum made by such transformers constitutes a form of environ- 
mental pollution which is objectionable to those forced to 
live within range of the noise. 

To reduce the pollution it is known to enclose the trans- 
20 former in a building with dense walls and roof. However, such 
an acoustic shield is expensive to erect and maintain and 
enclosing the transformer within a building exacerbates the 
problem of removing the waste heat from the transformer. 

It .is also known that unacceptably high levels of noise 
25 and vibration emanate from fluid compressors, pumps and pipe- 
lines conveying flowing fluid and the irritation caused by the 
noise has either to be tolerated or the noise damped with 
various types of passive silencers. 
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• i. h w,- (e ^. soaces containing 
Ucuid-fiUed spaces „ vb. bloc. <e ■ for 

coolant). There has so far oeen no a.c.ot 

eliminating «his noise source. 

Ther e is thus a need for a simple -ans of attenuatin S 
5 vlt>ra tion. arising in a range of different flu^lled 

vessels . 

r,^nnn^od -o cancel noise emanating from a 
Tt has been proposed c.l- 

V£rie of different sources b y an active *tenuation metncd 
^involves generating a specially tailored ^-no- 
10 s^nal which will react with the noise and, to a* **** 
Intent, to null it. Heretofore these active attenuate 
methods have operated in the atmosphere. 

Exa,oles of prior-art active sound attenuating methods 
and apolratus can be taken fro. the specifications of 
15 Patents 1555760 and 1577322. 

^^^r^j^ the Invention I 

i,<-^ <n Tfr- 1 - to a method of 
rp he present invention relates, m ?— - > 

reducing the vibration transmitted into the environment of 

a fluid-containing vessel by a primary vibratxon source w.b., 

20 the vessel which comprises generating a cancelling vxcra^on 
which will at least partly null the transmitted vibr.«o... 
According to one aspect of the invention, such a method 
is characterised in that the cancelling vibration is applied 
"o the fluid in the vessel whereby the at least Partial cancell- 

25 ation occurs within the vessel. 

The method of the invention finds application mainly 
in liquid-filled vessels but its extension to gas-filled vess- 
el is not ruled out and hence the term "fluid" as used -. 
herein, should be taken to cover both liquid and gas. 

Suitably the cancelling vibration is generated by at ^ 
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into the fluid in the vessel. Where the source of primary 
vibration in the vessel is a distributed source (e.g. in the 
case of a large transformer core) it will normally be desir- 
able to use a plurality of cancelling vibration sources, 
5 placed at appropriate locations around the distributed sourc 

One suitable form of transducer for genera-ting the can- 
celling vibration in a liquid is a piscon reciprocating in a 
tube dipping into the liquid in the vessel. This piston can 
have the same cro-ss-seccional area as the immersed tube, or 
it could be smaller or larger than the cross-sectional area 
of the tube. Optionally, the wall of such a tube is made com- 
pressible, so that the cancelling vibrations spread out from 
the open end of the tube with negligible vibration being 
transmitted through the wall of the tube. 

^ Conventional e lec trocynamic vibrators can be used as 

the source of the secondary vibrations in a liquid-filled 
vessel and these are available with power outputs ranging 
from a few watts to aj few kilowatts. 

A hydraulic servo actuator, e.g. controlled by a oiezo- 
20 electric generator, can also be used. In a gas-filled vessel 
one or more conventional loudspeaker systems can be used. 

The secondary vibration source could be located outside 
the vessel (e.g. housed in a sound-proof enclosure) and could 
transmit the secondary vibrations to the contained fluid 
through a resilient parf of a wall of the vessel (e.g. throug: 
a diaphragm mounted in the wall). 

The driver for the secondary vibration source would 
desirably be influenced by one or more microphones located 
adjacent to the vessel, or one or more vibration sensors 

30 mounted on the wall of th<= wsspi C r, 

uj. m_ »-ssei, so that a sensing o^ 

the effectiveness of a contemporary nulling operation can be 

assessed and imnrov<=d on >-...- : 
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nature of the vibrations from the source in the vessel 
changes with time, and may be desirable even in cases where 
the primary source has a sensibly constant output, since 
providing an adaptive capacity, reduces the demands on the 
5 accuracy of the initial installation of the vibration- 
cancelling equipment . 

Where the method of the invention is applied to an oil- 
filled transformer, reducing the noise nuisance by operating 
within the transformer tank has the significant advantage 

10 that the wavelength of the primary vibrations from the core 
of the transformer is some five times greater than the 
resulting noise emitted into the air from the tank walls. 
This in turn means that the effective size of the core (which 
acts as a large distributed source) is reduced, and the 

15 spacing-apart of che sources of secondary vibration within 
the tank, can be correspondingly increased. A typical spac- 
ing for the secondary vibration sources would be between one 
third and one sixth of the wavelength cf che primary vibration, 
so that for a 100 Hz vibration in oil a spacing in oil of 

20 between 5 metres and 2.5 metres is acceptable. 

In the case of a transformer operating at 50 Hz, it has 
been found that the major noise nuisance in the environment 
arises from the even harmonics of the a.c. supply and the 
sources of secondary vibration are suitably arranged to 

25 generate a complex vibration made up of components at 100 Hz, 
200 Hz and optionally also 300 Hz, The higher even harmonics 
are not normally required for acceptable noise nuisance reduc- 
tion. Since these harmonics are sensibly pure sine waves, 
the driver(s) for the secondary source(s) need only be con- 

50 trolled with regard to amplitude and phase - thus considerably 
simplifying the electronics of the control system for the 
driver (s ) . 

Where the primary vibration is broad band (e.g. as would 
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a satisfactory secondary vibration may operate in the manner 
described in the aforementioned U.K. patent specifications, 
in which the driving waveform is analysed in a discrete 
number (e.g. .32 or 64) of adjacent time slots, the signal 
5 amplitude in each time slot being sequentially adjusted on 
a trial-and-error basis to reduce the signal received from 
one or more residual noise sensing microphones disposed arou 
the vessel containing the primary source. 

The invention also extends to apparatus for reducing th 
10 vibration transmitted into the environment of a fluid-filled 
vessel by a primary vibration source within the vessel 
which apparatus comprises means to generate a cancelling 
vibration which will at least '"partly null the transmitted 
vibration, characterised in that the cancelling vibration 
15 generating means is adapted to be disposed on or within the 
vessel to apply the cancelling vibration directly or indirec 
to the fluid within the vessel. 

A still further feature of the invention relates to 
a transformer having a core within an oil-filled tank which 
20 is characterised in that at least one vibrator is mounted on 
or in the tank to induce secondary vibrations in the oil 
which will at least partly null the primary vibration eman- 
ating from the core. 

Brief Description of the Drawings 

25 The invention will now be further described, by way of 

example, with reference to the accompanying drawings, in 
which: -. 

Figure 1 is a purely schematic view of a transformer 
adapted to reduce noise pollution in accordance with the 
30 method of the invention. 



Figure 2 is a graph indicating a typical frequency 
spectrum of noise from a large power transformer, 
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F^ure 3 is a schematic sectional plan from above of ' 
a transformer tank adapted to reduce its ambient hum in 
accordance with the method of the invention, 

Figure 4 is a schematic sectional side elevation of the 
5 tank of°Figure 3 on the line IV- IV thereof, 

Figures" 5a and- 5b are schematic representations of 
alternative' forms of secondary vibration source for the 
embodiment of Figures 3 and 4, 

Figure 6 is a block diagram of a circuit usable to 
10 drive the secondary vibration sources of Figures 1, 3, 4, 
5a or 5b, and 

Figure 7 is a schematic representation of how the 
method'of the invention can be applied to vibrations radiat- 
ing from a fluid pipeline. 

15 3est Mode of Carrying out the Invention 

Figure 1 shows a transformer tank 1, containing a core 
2 surrounded by oil 3 and fed from an a.c. power line '4. 
A diaphragm 5 forms part of one wall 6 of the tank 1 and a 
vibrator 7 is mounted on the diaphragm 5 to generate second- 
ary vibrations within the oil 3 which null the primary 
vibrations transmitted to the oil 3 from the core 2. The 
vibrator 7 is driven by a driver 8 which receives input sig- 
nals both from the line 4 and from a series of noise-sensing 

microphones t^, M 2 M fl disposed in the atmosphere around 

the tank 1. The driver 8 can be of the kind shown in Figure 
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30 



Figure 2 shows a typical frequency spectrum of the 
hum from a large primary step-down power transformer (e.g. 
of several hundred kilowatts rating) operating on a line 
frequency of f = 50 Hz. It is expected that a similar spec- 
trum would be obtained if the fundamental frequency were 
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To null the hum represented by Figure 2, the vibrator 
7 can be fed with a specially tailored waveform generated from 
sinusoidal waves having frequencies at the three even harmon- 
ics 2f Hf and 6f , the amplitudes and phases of the harmonic 
5 components being selected to give the lowest possible summed 
output from the microphones M x M n - 

In a simple arrangement, only the part of the block 
diagram shown in the dashed-line box 10 in Figure 6 is rsouir- _ 
ed to produce a satisfactory nulling secondary vibration 
10 waveform. Referring to Figure 6, an a.c. signal taken from 
the line U is fed into a harmonic generator 11 (e.g. a half- 
wave rectifier) and the output is fed to pass filters 12a, ^ 
12b and 12c tuned respectively to pass the 2f , the 4f and the 
6f harmonic. The output from the pass filter 12a is fed into 
15 a variable phase shifter 13a and then into a variable amplitude 
control lHa. Similar phase shifters 13b, 13c and amplitude 
controls lUb, 14c are used for the Hf and of harmonics and 
the outputs from the three amplitude controls 14a, 1 4b and 
lUc are fed to a summer 15 and thence zo a power amplifier lb 
0 r~ VPr table 'tain. The output from the power amplifier lb 

St 

leads to the vibrator 7 



20 



By manually adjusting the variable components 13a. ..13c, 
l4a...l4c and 16 when the transformer has been installed in 
its" working location, while watching a power meter fed from 

25 the microphones M r ...M n , the hum can readily be reduced to 
an acceptable level dispensing with the need for an acoustic 
shield around the transformer tank 1. Periodic checking of 
the setting of the variable components 13a. ...13c, 14a. ...14c 
and/or 16 can be made at intervals during the working life of 

30 the transformer, the microphones being removed between 
checks if desired. 

Vibration sensors V 2 -...V n can be used on the walls 



.... M for the 



of the tank 1 in place of the microphones ^.....^ 
residual oower sensing operation, inside or outside the tank 
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A more sophisticated control arrangement is obtained by 
using the full block diagram shown in Figure 6. which utilises 
a microprocessor 17 to effect the adjustment of the compon- 
ents 13a.... 13c, I4a....l4c and 16 automatically on a coninu- 
5 ous assessment of the residua: noise transmitted by the tank 
1 as received by the microphones M r --"V The output rr0Ul 
each microphone (only is shown in Figure 6 for convenience) 
is fed to a pre-amplif ier 18 and then to a _squarer 19 to 
give an output whose voltage is related to acoustic power 

10 received by the microphone. The power-related output from the 
squarer 19 is fed to a voltage to frequency converter 20 and 
then to a counter section 21 of the microprocessor 17. It 
will be appreciated that the output of the counter 21 in any 
unit time will be the integral over that unit time interval 

15 of the power received by the microphones. 

The output ports 22 of the microprocessor 17 are connectec 
to a respective digital control unit of each of the adjust- 
able components 13a.... 13c, l4a...ltc and 16 in the box 10. 
Only the control unit (13d, MY for the units 13c and lUc 
20 has been shown in the drawing to avoid complication. 

I 

The sequencing operation conducted by the microprocessor 
can be to take first the 6f harmonic and make incremental 
adjustments, via unit 13g, of the setting of unit 13c until 
the counter 21 shows its lowest reading in the unit time 

25 interval. This adjustment is then repeated, with each of the 
adjustable components cyclically time after time, each adjust- 
ment being retained if it improved the nulling, but not other- 
wise. By adapting the driving waveform of the vibrator 7 m 
this way, the system described can not only set itself up 

30 initially, but can compensate for changes occurring in the 
primary vibrations generated by the core during use. 

Since the vibrator 7 is in the atmosphere and is a noise 
source per se, it is surrounded by a sound attenuating 
enclosure 7a. If the wall 6 is flexible enough, the diaphragm 
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In practice, more than one vibrator 7 would be required 
in a large transformer tank and these can be separately 
driven each from its own waveform generator (e.g. the compon- 
ents in the box 10 in Figure 6) or some or all from a 
common generator. Figures 3 and 4 show a plurality of 
vibrators actually located inside the tank of a transformer 
and spaced apart by a distance (e.g. 1 in Figure 3) which is 
between one sixth and one third of the wavelength of the - 
predominant harmonic in oil. Primed numerals have been used 
in these Figures to represent corresponding items to those 
designated without primes in Figure 1. 

The vibrators 7 T shown in Figures 3 and 4 employ a 
piston 30 reciprocating in a resiliently wailed tube 31 
(e.g. a rubber tube or a hollow metal tube as shown in Figure 
5a and 5b). The height "h" of the lower end of each tube 31 
and its position relative to the core 2 r can be adjusted to 
optimise the nulling effect in the oil 3 T and virtually 
eliminate any vibration of the walls of the tank l 1 . 

The vibrators 7 f can be lowered into the tank from above 
into holes cut in the top of the "tank 3 making it a relatively 
easy matter to modify an existing on-site transformer. 

Figures 5a and 5b show alternative arrangements for 
the pistons 30 which may be required in some cases. 

As an alternative to using a driving waveform for the 
vibrators 7, 7 T derived from the harmonics of the line fre- 
quency, a waveform can be derived from a special generator 
using the method described in the abovement ioned U.K. 
patent specifications., the necessary clocking frequency for 
the real time sampling of the generator waveform to adapt it 
to the primary vibration being obtained from a higher fre- 
quency signal synchronised to the line frequency. 

Figure 7 shows a pump 40 moving fluid along a pipe 41 
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vibrator 43 can be of any convenient design and will be 
driver reciprocally to generate a secondary vibration in the 
flowing fluid which will there null the primary vibrations 
coming = from the pump. Since these primary vibrations will 
not have the simple harmonic constituents appearing in a 
transformer tank, but will be more broad band - it will be 
necessary to power the driver 44 with a specially-generated 
waveform (e.g. generated as described in the aforementioned 
U.K. patent specifications) and to tailor that waveform 
to produce a minimum output from a vibration sensor 45. A 
similar technique to that required for the pipe 41 can be 
used to reduce the fluid-transmitted vibrations in an engine 
block, a hydrophone or the like being used within the liquid 
channels to optimise the nulling effect. 
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CLAIMS 

1. A method of reducing the vibration transmitted inco 
the environment of a fluid-containing vessel (1) by .a primary 
vibration source (2) within the vessel which comprises gener- 
ating a cancelling vibration which will at least partly null 

5 the transmitted vibration, characterised in that the cancell- 
ing vibration is applied to the fluid (3) in the vessel (1) 
whereby the at least partial canellation occurs within the 
vessel ( 1 ) . 

2. A method as claimed in claim 1, characterised in 
that at least one microphone (M.J....M ) is located outside 
the vessel (1) or at least one vibration sensor ( V ]/-*- v n ) ^ s 

disposed on or in the vessel (1) ana the cancelling vibration 
is modified on the basis of the output from the said micro- 
phone or vibration sensor to improve the effectiveness of 
the nulling operation. 

3. A method as claimed in claim 1 or claim 2, character - 
ised in that the source (2) of the primary vibration is a 
transformer core fed from an a.c. line (4) and a driving 
waveform used to oower the source (7) of the cancelling vibra- 
tion is derived from a mixture of harmonics of the frequency 
of the a.c. supply, each harmonic component of the driving 
waveform being controlled with regard to amplitude and phase. 

4. A method as claimed in claim 3, characterised in that 
the harmonics are derived from the a.c. line (4) by filtering 
the output of a harmonic generator (11) fed with power at the 
fundamental frequency of the a.c. supply, the amplitude and 
phase of each harmonic signal being automatically adjusted 

by a microprocessor (17) to optimise the nulling operation. 

5. Apparatus for reducing the vibration transmitted 
into the environment of a fluid-filled vessel (1) by a primary 
vibration source (2) within the vessel which apparatus com- 
prises means to generate a cancelling vibration which will 

at least oartlv null th<= fnnc-^r^ 
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in that the cancelling vibration generating means (7) is 
adaoted to be disposed on or within the vessel to apply 
the cancelling vibration directly or indirectly to the 
fluid (3) within the vessel (1). 

5 6. Apparatus as claimed in claim 5, characterised in 

that the cancelling vibration generating means (7) comprises 
a movable part (5, 30) in contact with the fluid (3) in the _ 
vessel (1) said movable part being vibrated by an electric- 
al actuator driven by a waveform generator (8, 10). 

10 7. Apparatus as claimed in claim 6, characterised in 

that at least one vibration-detecting device (M x , V.^ is 
disposed outside the vessel to sense the residual vibration 
emitted from the vessel, the output from the waveform gener- 
ator (8, 10) being adapted to improve the contempoary nulling 

15 operation on the basis of the residual power sensed by the 
at least one vibration-detecting device (1^, V-^". 

8. Apparatus as claimed in claim 6 or claim 1, charac- 
terised in that the movable part. of each cancelling vibration 
generating means (7') is a piston (30) reciprocating in a 
20 tube (3D- 

Q. A transformer having a core (2) within an oil-filled 
tank (1) characterised in that at least one vibrator is mounted 
on or in the tank to induce secondary vibrations in the oil 
(3) which will at least partly null the primary vibration 
25 emanating from the core (2). 

10. A transformer as claimed in claim 9, characterised 
in that there are a plurality of vibrators (7') disposed to 
induce secondary vibrations in the oil (3') at spaced-apart 
locations around the core (2'), and there are a plurality 
of vibration-sensing devices (M x , disposed outside the 

30 tank (1'), the output of the vibration-sensing devices (M-^ 
Vj) being used to control the outnut of a waveform generator 

flfl) liSPtf tn P(?tll = t. a hr>-5 f-or-<= f7M 
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